A b s t r a c t Objective: Substantial variations in adherence to guidelines for human immunodeficiency virus (HIV) care have been documented. To evaluate their effectiveness in improving quality of care, ten computerized clinical reminders (CRs) were implemented at two pilot and eight study sites. The aim of this study was to identify human factors barriers to the use of these CRs.
The potential for computerization to improve clinical care has been appreciated for some time. 4 In particular, computerized clinical reminders (CRs) have been advocated as a strategy to improve compliance with established clinical guidelines. With CRs, the software rather than the human initiates the human-machine interaction. CRs take advantage of preexisting electronic patient information to alert the provider when an action is recommended. In addition, CRs are ''realtime'' decision aids in that they prompt providers to consider guideline-based advice when a patient record, and ideally the patient, is in front of the provider. As such, they have the potential to improve quality of care in that they augment the limited memory resource of a time-pressured, frequently interrupted clinician who provides intermittent care to multiple patients. In HIV care, clinical reminders were associated with more timely initiation of recommended practices. 5, 6 Computerized clinical reminders in the VHA run on top of a complex electronic infrastructure. The VHA began the development of an integrated electronic database for national use in the 1970s. In 1983, the Decentralized Hospital Computer Program (DHCP) system was initially deployed, which was renamed the Veterans Information Systems and Technology Architecture (VistA) in 1996 to reflect the evolution of the architecture. As early as 1986, a nursing special user interest group began focusing on order entry software, and an initial release of Order Entry Results Reporting (OE/RR) occurred in 1990. In 1996, Computerized Patient Record System (CPRS) software that incorporates order entry and other functionality in a Graphical User Interface (GUI) format was released initially. Clinical reminders display on the primary screen of the CPRS software, which was mandated nationally in the VHA in 1999. 7 The Computerized Patient Record System (CPRS) has extensive functionality, including ordering and reviewing of laboratory results, pharmaceuticals, and diagnostic tests and documentation of progress and procedures. A summary list of ''due'' CRs for an individual patient automatically displays on the primary screen of the CPRS software, and further details about individual CRs can be viewed upon demand. ''Due'' CRs are rendered ''satisfied'' through actions observable to the computer system (e.g., ordering a laboratory test), in which case documentation is a by-product of following the reminder advice. In cases in which the reminders are not clinically relevant, the provider can remove the reminder by selecting a dialog box option.
The results regarding the effectiveness of CRs in practice are mixed. [8] [9] [10] [11] [12] In a review of controlled clinical trials published between 1974 and 1998, 43 of 65 studies were found to improve physician performance. 13 In the Veteran's Administration, 275 resident physicians at 12 Veteran's Administration medical centers were assigned randomly to a reminder or control group. In this study, the impact of CRs on practice was significant but declined throughout 17 months, even though the reminders stayed active.
14 The underlying reasons for this variation in effectiveness remain unclear, but findings from an exploratory focus group suggest that there may be ''human factors'' barriers to use, particularly efficiency, usefulness, information content, user interface, and workflow. 15 We asked the question: What are human factors barriers to the effective use of ten HIV clinical reminders? This report describes barriers identified through direct, ethnographic observation 16 and semistructured interviews at two pilot and six infectious disease outpatient clinics. These barriers might generalize to other clinical reminders and have implications for the design and use of computerized clinical reminders.
Methods

Clinical Reminders
Clinical reminders that are ''due'' for a patient, based on the available data, appear on the primary ''coversheet'' screen of the Computerized Patient Record System (CPRS) software (Fig. 1 ). This screen includes allergies, medications, laboratory results, vital sign data, appointments/admissions, crisis notes, adverse reactions, warnings, and clinical reminders in a condensed single-window view. By clicking on the alarm clock icon in the upper right hand corner of the coversheet screen, further information about the clinical reminders, including potentially applicable reminders that are not currently due, can be accessed. ''Due'' CRs are rendered ''satisfied'' through actions observable to the computer system (e.g., ordering a laboratory test), in which case documentation is a by-product of following the reminder advice. In cases in which the reminders are judged not to be clinically relevant, the provider can remove the reminder by clicking on the ''notes'' tab on the bottom of the coversheet, starting a new note, which includes the standard ''sign in'' process, then clicking on the ''reminders'' drawer which separates reminders by due, applicable, and other categories, and then clicking on an individual reminder. At this time, a dialog box, such as is shown in Figure 2 for one of the HIV clinical reminders in this study, can be used to document the reason for inapplicability of the reminder. Upon completion of this dialog box, the status of the reminder will change so that it is no longer ''due.'' The amount of time before the clinical reminder again becomes ''due'' depends on which option is selected.
Ten guideline-driven reminders were developed as part of a larger project to improve quality of HIV care. Each one uses electronic record (VistA) data to identify patients potentially receiving suboptimal care, such as single drug antiretroviral therapy or no prescription for antiretroviral drugs despite immune deterioration and high viral load. The purpose of the HIV clinical reminders is to reduce the likelihood that physicians will forget to screen a patient for related diseases (5 of 10 reminders), miss that patient data have crossed a threshold for an intervention (3 of 10), or forget to perform a periodic action in a treatment plan (2 of 10). Specifically, the HIV CRs ( 
Setting
We observed primary care providers for all outpatient clinic hours for one day each at two pilot and six study sites after the clinical reminders were implemented, from October 2001 to October 2002. The two pilot sites were selected based on ease of accessibility, and the six study sites were selected based on IRB approval and participation in a larger, randomized 16-site study. 17 This larger study was designed to evaluate the independent effects of these computerized clinical reminders and a group-based quality improvement intervention based on the Institute for Healthcare Improvement (IHI) breakthrough series model. 18 Five of the eight observed sites (two pilot sites, three other sites) implemented the clinical reminders as the sole intervention and were instructed not to locally modify the reminders during the study period. Three of the observed sites received the quality improvement intervention as well as implemented the clinical reminders. This intervention included training on the ten HIV clinical reminders as well as three face-to-face learning sessions and weekly interactive conference calls surrounding quality improvement techniques. All clinic sites were dedicated to infectious disease (ID) patients, and all care providers had been using the CPRS on which the clinical reminders display for more than a year, but the size and work organization varied. Table 2 shows the number of HIV physicians, including attending, fellow, and resident physicians, and approximate number of HIV patients at each site. Note that no intern physicians provided care at any of the sites. In addition, Table 2 shows the number and role of the personnel who were interviewed and observed at each site.
Conceptual Framework
The conceptual framework that guided the data collection and analysis is summarized in Figure 3 . Potential barriers to the use of clinical reminders were identified from prior research on barriers to use of Bar Code Medication Administration (BCMA) 19 and computerized decision support systems in aviation, 20 an emergency call center, 21 and space shuttle mission control. 22 The potential barriers include design, organizational, team, individual, contextual, and tool interaction factors. Drawing on this conceptual framework, 19 barriers to the effective use of clinical reminders were hypothesized and explicitly investigated during this study (Table 3) .
Data Collection
Two observers, trained in ethnographic field observations in complex settings, 23 conducted all observations for one day each at the two pilot and six study sites. Each observation period lasted the entire clinic time, ranging from 3 to 5 hours at each site. To minimize the effect of observations on behavior, we informed the participants that no one, including their supervisors, would be provided with information that could trigger a punitive response since data were deidentified for site, person, place, and time, and we did not measure quality of care. We targeted the observations to sample times from two weeks until one year after batch implementation of the clinical reminders.
Verbal response data from the semistructured interviews, 24 conducted opportunistically throughout the day with all accessible clinic personnel, were collected as handwritten, deidentified notes. The first question asked of the host physician was: ''How would you characterize your clinic?'' When asked for clarification, examples were given such as ''Is this a large clinic? Do you only see patients with infectious diseases?'' In addition, the host physician was asked to describe how a typical patient is processed on a typical day to elicit the standard workflow. All interviewees were asked to describe their role in providing patient care, what they perceived to be barriers to the use of clinical reminders in general and the specific clinical reminders being evaluated, and what training they had received on the use of clinical reminders in general and the HIV clinical reminders in F i g u r e 1. CPRS coversheet in which ''due'' clinical reminders are displayed for a fictional patient.
particular. As issues were raised by the interviewees, questions to clarify trade-offs and assess the tractability of the barriers were asked.
Notes from both the observations and interviews were translated into electronic format by the investigator within two days of data collection to minimize losing additional data in memory and introducing inaccurate information during translation.
Analysis
The observational data were transformed into a standard activity protocol format that details observed verbalizations and behavior separately from less reliable inferences about internal cognitive processing. 25 The protocols were analyzed for usefulness and usability problems, normally indicated by a reaction of surprise to how the clinical reminders responded to a user action.
The verbal response data from the semistructured interviews were organized for each site into a template that was designed to target specific questions as well as support the discovery of unanticipated insights. Specifically, the template had the following section headings: summary of main findings for the site, demographic information about the clinic and providers, normal workflow (the expected sequence of activities for a patient on a typical clinical day), training, self-reported barriers for each individual reminder, barriers to HIV reminders and clinical reminders in general, other data, and reactions to the debriefing interview with the host physician where highlights of the preliminary findings were presented.
Finally, data from the observations and interviews at all the sites were collectively analyzed. The specific analytic technique used was process tracing analysis, 26 which iteratively uses a conceptual framework to generate topdown questions as well as abstracts data bottom-up into emerging themes. Barriers were classified as ''present'' if they were observed or self-reported during the interviews and ''unable to tell if present'' if they were not. For example, at the first site, the lack of a clinical champion was classified as a barrier because neither of the two attending physicians promoted the use of the CRs. The first attending physician stated that he did not ''buy into'' the clinical reminders because they did not provide laboratory data, they missed subtleties, they did not fit the practice of preparing on Friday for a Monday clinic or of outside-clinic phone interactions with patients, they did not work with their paper charts, there were no computers in patient rooms, and the clinic nurse did not use the CPRS software upon which the reminders ran. The second attending physician stated that he thought that clinical reminders were ''worse than nothing if they only work intermittently.'' Finally, a fellow physician stated that he thought reminders were very important and always looked at them, but without the support of leadership, he felt he could not encourage the residents or medical students to do so. 
Results
Six of the 19 hypothesized barriers were judged to reduce the effectiveness of the HIV clinical reminders at more than one site.
Barrier 1: Workload
The primary barrier to the use of the HIV clinical reminders, based on the relative frequency of times that it was self-reported during the interviews and provided as an explanation for not using the clinical reminders during the observations, was the additional workload. At all sites, at least one provider reported that he or she did not use the clinical reminders when he or she was busy. At some sites, physicians reported using the clinical reminders only when they had additional time during the clinic day. All sites reported that a significant barrier was the lack of time to follow documentation procedures within the CR noting why the reminder's advice was not followed. Although the clinical reminders were automatically removed if the recommended actions were taken, there were many observed situations in which the reminders were judged not to be clinically relevant by the providers, in which case they had to document an explanation to remove the reminder, normally via selection of a radio button in a dialog box. At all sites, at least one provider never satisfied reminders that were not clinically relevant, which required data entry such as when a patient received a vaccine at another hospital. At least one provider at all eight sites conducted documentation activities, including satisfying clinical reminders that were not clinically relevant (when done), after the patient had left the room. At one of the two pilot sites and three of the six study sites, at least one provider conducted documentation activities after the clinic closed, normally within 36 hours. At two of the study sites, case managers documented clinical reminders that were not clinically relevant after the physicians did not.
Barrier 3: Inapplicability to the Situation
The third barrier to following the advice of a clinical reminder was inapplicability to the specific situational context. For example, a recommendation to begin Highly Active Anti-Retroviral Therapy (HAART) was not followed because the patient had experienced multiple intolerances to the medication in the past. Not including observations at sites in which clinical reminders were not used as a general practice, nine of 26 patients had HIV clinical reminders that the observed providers believed were inappropriate for the situation. The reasons for inapplicability are shown in Table 4 .
Barrier 4: Training
At five of the eight sites, limited knowledge of how to use the clinical reminder software in general was a barrier ( Table 5 ). The levels in Table 5 represent a synthesized aggregate judgment based on the interview and observational data about knowledge of site providers regarding how to use the clinical reminder software. Also included in Table 5 is a description of the typical use of the CPRS and paper-based systems at the site, as that might influence the knowledge of how to use the clinical reminder software. At only two sites were resident physicians observed to be aware of how to remove clinical reminders that were judged to be not clinically relevant or to view details about a particular clinical reminder on demand. At every site, the permanent clinic staff members were judged to have a better understanding of how to use computerized clinical reminders than rotating staff members, specifically the resident and fellow physicians. Nevertheless, there are opportunities for improving training on clinical reminder use even with permanent staff, as personnel at only three of the eight sites knew how to view active clinical reminders.
This barrier is likely to generalize to the use of all clinical reminders, because the limits in knowledge affect all clinical reminder use. During our interviews, we were informed by several physicians that their facility's basic formal training class on the CPRS did not include training on computerized clinical reminders.
Barrier 5: Quality of Provider-Patient Interaction
The fifth barrier to use was a perceived reduction of quality of provider-patient interaction when interacting with the computerized clinical reminders. This barrier was reported by three of the 23 permanent staff (14 attending physicians, four case managers, three physician's assistants, and two nurse practitioners) who were interviewed or observed at the pilot and study sites. The specific interview data regarding this barrier included:
Physician's assistant: ''I do all of my computer work after the patient leaves because I don't want to interact more with the computer than the patient.'' Attending physician: ''The main reason why I do not use the clinical reminders is that while I am with the patient, I will cut and paste to start a new progress note. I will do orders while the patient is there-meds, labs. I don't like to do reminders while with the patient because I feel that it takes In addition, note that although one of the attending physicians was not categorized as having this barrier because he normally used clinical reminders, he reported that he did not use them during the first patient visit. He explained that he wanted the first patient visit to exclusively focus on discussions about the disease and how to take the medications and felt that the clinical reminders might interfere with those discussions. Note that rotating physicians generally had little experience with computerized clinical reminders and often were not the primary decision makers regarding whether to use clinical reminders at the site, so their data were not included in the analysis regarding this barrier.
Barrier 6: Use of Paper Forms
Likely due to the specialized expertise needed to treat infectious diseases, only three of the eight sites used resident physicians to provide care. At two of these sites, the clinical reminders were not part of the standard workflow. Instead of writing orders personally into the CPRS, the physicians filled out paper forms, which were reviewed by a case manager, as well as a pharmacist at one site, prior to entry by a clerk. At both sites, the review was conducted on a paper-based system that did not incorporate the clinical reminders, and the clerk did not review clinical reminders when ordering.
Discussion
Clinical reminders (CRs) have the potential to improve clinical care, but have had mixed effectiveness in practice. We identified the following barriers to the effective use of ten HIV CRs: (1) workload (8 of 8 sites), (2) lack of time to follow documentation procedures within the CR noting why the reminder was not followed (8 of 8 sites), (3) inapplicability of the CR for context-specific reasons (9 of 26 patients), (4) limited training on how to use the CR software for rotating (5 of 8 sites) and permanent staff (3 of 8 sites), (5) perceived reduction of quality of providerpatient interaction (3 of 23 permanent staff), and (6) the use of paper forms to write resident physician orders (2 of 8 sites).
Few of the identified barriers are inherent to computerized clinical reminders. It is likely that design revisions, modification of organizational policies, and ''best practices'' training could reduce many of these barriers. Although generating recommendations for change to address these barriers is a challenging and creative task, a preliminary list has been developed to explicate the kinds of approaches that might be taken (Table 6 ). For example, users who did not feel that they had enough time to document why the Did not want to start patient on HAART because of multiple past intolerances to medication.
3
Used by some 2/5 Patient 1: CD4 t-cell count of 210 and 14%. Although the t-cell count was below 15%, the other indicator was above the borderline of 200, which was the preferred indicator for the physician. In addition, there was not a downward trend with his t-cell count and he wanted to minimize the patient's medications. Patient 2: Hepatitis (Hep) A was ordered already. Hep C had always been positive, so no need to test.
4
Used by some 1/4 PCP prophylaxis reminder present even though CD4 t-cell count of 350 was above the 200 borderline (although it might have been below in the last six months).
5
Used by some 3/9 Patient 1: Previously tested positive for Hep C; Although CD4 t-cell count was 309 and 18%, didn't want to begin HAART because patient was not compliant with medication regimens. Patient 2: Tested for Hep C in 1999, the result was negative, and there were no ongoing risk factors. Patient 3: PCP prophylaxis reminder triggered because CD4 was 9% even though the CD4 t-cell count was above the borderline (320). In addition, Bactrim had already been ordered (although it is likely that the patient did not fill the prescription). advice of a clinical reminder was not followed via the existing dialog box could be provided with a ''disable'' feature. With such a feature, a physician could indicate with a single right-click that a reminder is inappropriate during a patient session, and then document at a later time why the reminder is not applicable. Even if the documentation is not completed prior to the next patient encounter, the likelihood that the next provider will erroneously follow the reminder's advice is reduced. As another example, two sites used paper-based order forms so that attending physicians or case managers could check orders prior to entry by a clerk. As the software is currently designed, this function could be done through the provider order entry software by having residents enter orders that are then signed by an attending physician or case manager. Note that none of these recommendations has been evaluated for whether they actually reduce the identified barriers, and that making the proposed changes might introduce new, unexpected problems. Note also that several of these recommendations have been implemented in the current version of the HIV clinical reminders, which have been installed voluntarily at approximately 30 VA medical centers not included in this study.
This study has several limitations. The data were collected from a small proportion of VA facilities (8 of 163 medical centers) and an even smaller proportion of possible providers and patients. Data regarding the specific versions of CPRS and VistA that were used at the time of observations were not collected, even though it is possible that the different implementations may have affected how the reminders were implemented and experienced by the study clinicians. No objective, independent evaluation of the usability of the HIV reminders was conducted in this study, such as by provider survey, due to the desire to minimize burden on the observed providers, the small number of observed providers, the inability to randomly sample the observed providers due to access limitations, and the lack of a comparison group in the study design. A national provider survey is planned for future research to identify barriers to the use of all clinical reminders in the VA, including barriers due to usability problems. No objective workload data were collected, which would have helped to validate the findings regarding the workload barrier to the effective use of the clinical reminders. Future research is planned to investigate the relationship of objective and selfreported workload data. Although some of the identified barriers, such as limited training on the provider order entry system, might generalize to other clinical reminders, others such as the use of paper-based forms to review the work of resident physicians, might be unique to HIV patient care. Generalization of these findings to non-VA clinics, and possibly other VA clinics, might not be possible due to differences in the informatics infrastructure in which the clinical reminders are embedded. Our redesign recommendations have not been evaluated for how well they reduce barriers to use, and might introduce new, unintended consequences on how the clinical reminders are used.
Conclusion
Six human factors barriers to the use of ten HIV CRs were identified at multiple infectious disease clinics. Some or all of these barriers might help explain the mixed results regarding the effectiveness of computerized clinical reminders in prior studies. Additional research is needed to determine if these barriers generalize to other CRs. This study shows how human factors knowledge and methods can generate new insights regarding the use of computerized tools to provide patient care. These insights could improve the effectiveness of computerized clinical reminders in improving patient Add ''Not indicated in provider's judgment'' option to resolve reminder. Design: usability
In borderline cases, providers did not want to order medications yet but wanted to reconsider the action at the next visit.
Create a ''snooze'' feature that dismisses reminders until a specific time in the future.
Design: usability Users were uncertain how long the reminders would be turned off for each dialog option.
Display how long each option will satisfy the reminder. Design: usability There is no way to ''undo'' an action. Institute systematic process for communicating rationale for not following recommended actions to delegates. Individual: attitudes Unsatisfied with quality of patient-provider interaction.
Reconfigure physical workspace such that patients can see computer screens and/or physician can maintain eye contact with patient while using software. Contextual: patient-and situation-specific CRs did not apply.
''Sharpen'' the automated logic that triggers the reminder to reduce false alarms, such as by increasing the ability to electronically access laboratory results from other hospitals. Interactions with other systems: redundant
Paper-based systems used to detect erroneous decisions by residents.
Have resident physician enter orders that are signed by senior personnel; add new features.
